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© Purification procedure of tPA from crude preparations. 

© Tissue plasminogen activator (tPA) species having a 
specific molecular weight can be Isolated in a purified form from 
a crude tPA preparation containing various tPA species having 
different molecular weights by bringing the crude tPA prepara- 
tion into contact with hydroxyapatite and then separately etuting 
the adsorbed tPA species with eluents having Different pHs 
and/or salt concentrations. 
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Description 



PURIFICATION PROCEDURE OF tPA FROM CRUDE PREPARATIONS 



BAC KGROUND OF THE INVENTION 

~ ' 5 

1) Field of the Invention: 

This invention relates to -a method for the 
purification of tissue plasminogen activator (tPA), 
and more specifically to a method for purifying tPA 
from a crude tPA preparation, which contains 10 
various tPA species of different molecular weights 
and other proteinaceous impurities, by bringing the 
crude tPA preparation into contact with hydroxya- 
patite and then separately isolating and purifying tPA 
species of different molecular weights with ehients, 15 
whose pHs and/or salt concentrations have been 
adjusted in advance, and to which one or more 
additives may be added if required. 

2) Description of the Prior Art: 20 
Use of bydroxyapatite for the purification of tPA 

has itself been known. In a method using hydroxya- 
patite, in order to obtain tPA from a crude tPA 
preparation, tPA is adsorbed to hydroxyapatite, and 
thereafter eluted from the tPA-bearing hydroxya- 25 
patite with arrononia-contafning solution (see Ja- 
panese Patent LaJd-Open No. 76419/886 for in- 
stance). Under conditions employed for the above 
elution, tPA species of . different molecular weights 
could not be separated from one another and 30 
moreover, the activity of tPA might be reduced. 

SUMMARY OF THE INVENTION 

An object of this invention is to provide a method 
for isolation of each tPA species from a crude tPA 35 
preparation which have different molecular weights 
and react with an anti-human tPA anybody, whereby 
throughout whole purification steps, the activity of 
tPA is not changed unlike the above-described 
conventional method. These tPA species. include 40 
tPA. active degradated products of tPA, polymers of 
tPA, complexes of tPA and other protein and the 
like. 

When tPA-producing cells are cultured to obtain 
tPA, it has been found that the resulting culture 45 
broth contains, as proteins reactive with an anti- 
human tPA antfoody, various tPA species having 
different molecular weights including tPA species 
having molecular weights of from about 
30.000 -about 45,000 daitons, tPA species having 50 
molecular weights of from about 50,000 to about 
70,000 daitons and tPA species having a molecular 
weight of about 100,000 or higher. 

It is therefore the object of the present invention 
to provide a method for isolating and purifying tPA of 55 
a specific molecular weight from various tPA species 
of different molecular weights and proteinaceous 
impurities in a mixed state as mentioned above. 

The present inventors have carried out an exten- 
sive investigation with a view toward fulfilling the 60 
above object As a result, it has been found that the 
degree of adsorption of tPA to hydroxyapatite is 
governed by pH and/or salt concentration and also 



varies depending on the molecular weight of the tPA 
itself. Namely, the binding strength of tPA to 
hydroxyapatite becomes greater as the pH de- 
creases or the salt concentration drops. At the same 
pH and salt concentration, tPA having higher 
molecular weights is adsorbed more tightly. 

The above finding has then led to completion of 
the method of this invention, in which a variety of tPA 
species having different molecular weights are 
adsorbed to hydroxyapatite and then treated with 
ehients having different pHs and/or salt concentra- 
tions so as to isolate a particular tPA species in a 
purified form. 

In one aspect of this invention, there is thus 
provided a method for the purification of tPA from a 
crude tPA preparation containing various tPA 
species of different molecular weights, which com- 
prises the steps of bringing the crude tPA prepara- 
tion into contact with hydroxyapatite to adsorb the 
various tPA species to the hydroxyapatite and then 
eluting the tPA species with eluents whose pHs 
and/or salt concentrations are different, thereby' 
isolating the tPA species of the different molecular 
weights from one another. 

Although it has been known to use hydroxyapatite 
for the purification of proteins, it has not been 
reported to isolate a particular tPA species from a 
variety of tPA species as in the method of this 
invention. 

According to the method of this invention, tPA can 
be recovered up to 90 - fOOQto in terms of its activity 
and can also be isolated into individual tPA species 
of different molecular weights without need for 
aqueous ammonia as an eluent for tPA adsorbed on 
hydroxyapatite unlike conventional techniques. 

DETAILED DESCRIPTION OF THE INVENTION 

Tissue plasminogen activator (tPA) is produced in 
the tissue of a higher animal, and is a protein which 
activates plasminogen, a precursor of plasmfn which 
is a proteolytic enzyme specific to fibrin. 

This tPA is produced in a culture medium by 
culturing human melanoma certs, normal human 
cells, or cells carrying the human tPA gene inte- 
grated according to the recombinant DNA technol- 
ogy. tPA obtained in the resulting culture broth 
comprises a variety of molecular species of tPA. 

Crude tPA preparation, to which the method of the 
present invention can be applied effectively, con- 
tains various molecular species produced as de- 
scribed above by way of example. It may be in a form 
contained in a culture broth or may be in a form 
obtained by partially purifying preparation from such 
a culture broth. This invention is however not limited 
to them. The method of this invention can be appBed 
to aqueous media each of which contains various 
tPA species of different molecular weights produced 
by one of various methods. 

In the method of this invention, such crude tPA 
preparation is first of aO brought into contact with 
hydroxyapatite so as to adsorb the various tPA 
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species to the hydroxyapatite. 

No particular limitation is imposed on hydroxya- 
patite to be used. It is generally possible to use 
hydroxyapatite which is constituted of calcium 
phosphate and has been prepared into a desired 
one of various shapes by one of various preparation 
processes. Especially, those prepared for use in 
chromatography are used preferably in many instan- 
ces. 

An aqueous medium containing various tPA 
species as crude tPA preparation is brought into 
contact with such hydroxyapatite so that the tPA 
species of various different molecular weights are 
adsorbed. No particular limitation is imposed on 
conditions for effecting the above contact The 
contact may hence be effected by a general column 
method or batchwise method. In the column 
method, an aqueous medium containing the tPA 
species is caused to flow either upwardly or 
downwardly through a column packed with hydrox- 
yapatite so that the tPA species are brought into 
contact with the hydroxyapatite and is hence 
adsorbed to the hydroxyapatite. In the batchwise 
method on the other hand, hydroxyapatite and an 
aqueous medium containing various tPA species are 
mixed together so as to bring the tPA species Into 
contact with the hydroxyapatite. Various tPA species 
having different molecular weights, which have been 
adsorbed to the hydroxyapatite, are thereafter 
isolated from one another. 

In the method of this invention, the pHs and/or salt 
concentrations of eluents are changed according to 
a tPA species of a desired molecular weight to be 
eluted. It may be feasible to add an additive to the 
eluents so as to accelerate and enhance the elution 
and isolation of various molecular species. 

The lower Dmit of the pH of an eluent useful in the 
practice of the method of this invention is the lowest 
pH at which hydroxyapatite used is still not dis- 
solved. On the other hand, its upper limit is the 
highest pH at which tPA species of different 
molecular weights, which are reactive with an 
anti-human tPA antibody, can still be isolated from 
one another. An eluent of such a pH range may 
hence be used, but pH 5 - 10 is preferred, with pH 
6-9 being more preferred. 

Furthermore, a salt is used to separate tPA from 
hydroxyapatite. The salt useful in the practice of the 
method of this invention is a salt having no chelating 
ability. It is hence possible to use, for example, a salt 
containing a kaotropic ion such as a thiocyanate or 
perchlorate, or a chloride, fluoride, phosphate, 
carbonate, sulfate, nitrate, borate, acetate or the 
like. As specific examples of preferred salts, may be 
mentioned sodium phosphate, potassium phos- 
phate, sodium chloride, potassium chloride, am- 
monium thiocyanate, sodium sulfate, sodium borate, 
sodium acetate, etc. 

As an additive, a basic amino acid or its derivatives 
such as arginine, lysine, ornithine or s-aminocaprotc 
acid may be used at a concentration of I mM - 0.5 M, 
preferably, 5 mM -0.3 M in an eluent. Use of an 
eluent containing such an additive facilitates the 
elution further, and also permits more effective 
isolation of tPA species of different molecular 



weights. 

In order to isolate a desired tPA species from the 
various tPA species adsorbed on the hydroxya- 
patite, it is necessary to use an eluent whose pH 
5 and/or salt concentration have been adjusted so as 
to selectively elute the desired tPA species as 
described above. The eluent may be added with an 
additive if necessary. 
A tPA species having a lower molecular weight is 

10 eluted first with subsequent and successive elution 
of tPA species of higher molecular weights as the pH 
of an eluent increases from a lower level to a higher 
level. The salt concentration to be used varies 
depending not only on the type of the salt but also on 

15 the pH of the eluent. 

For example, the following relations exist among 
the pH, the salt concentration and the molecular 
weight of a tPA species to be isolated. 
When an eluent containing a phosphate at a 

20 concentration of 0.02 - 0.I M and having a pH of 6 - 9 
is used, tPA species having molecular weights in a 
range of from about 30,000 to about 45,000 daltons 
can be eluted. In other words, in order to isolate the 
tPA species whose molecular weights range from 

25 about 30,000 daltons to about 45,000 daltons, they 
may be preferably eluted under optimum conditions 
selected from a phosphate concentration range of 
0.02 - 0J M and a pH range of 6-9. Thereafter, tPA 
species whose molecular weights range from about 

30 45,000 daltons to about 70,000 daltons can be eluted 
at pH 7-9 and phosphate concentrations of 
0.03 - OJ M. tPA species having molecular weights 
about 70,000 daltons can be then eluted at pH 6 - 9 
and phosphate concentrations of 0.04-0.3 M. 

35 Finally, tPA species having molecular weight of 
about 70,000 daltons and tPA species having 
molecular weight of about 100,000 daltons and higher 
can be eluted at pH 6 - 10 and phosphate concentra- 
tions of 0.04 -0.5 M. 

40 When elution is conducted with an eluent contain- 
ing sodium chloride, it is preferable to effect the 
adsorption of tPA species to hydroxyapatite at a 
NaCJ concentration of 0.03 M or lower and a pH of 
6-8. tPA species whose molecular weights range 

45 from about 30,000 daltons to about 45,000 daltons 
can be eluted at pH 6 -9 and NaCI concentrations of 
0.03 - 0.15 M. Thereafter, tPA species whose molecu- 
lar weights range from about 45,000 daltons to about 
70,000 daltons can be eluted at pH 7-9 and NaCI 

50 concentrations of 0.05 - 0.15 M. tPA species having 
molecular weights of about 70,000 daltons can be 
then eluted at pH 6 - 9 and NaCI concentrations of 
0.07 - 0.7 M. Further, tPA species having molecular 
weights of about 70,000 daltons and about 100,000 

55 daltons and higher can be eluted at pH 6 - 10 and 
NaCI concentrations of 0.07 - 1.0 M. 

As has been described above, tPA species having 
desired molecular weights can be isolated and 
obtained either successively or selectively by using a 

60 chosen salt, salt concentration and pH. 

The present invention will hereinafter be de- 
scribed by the following Examples. 
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Example I: 

After culturing Bowes melanoma cells in RPMI 
1640 culture medium (Gibco) supplemented with KWb 
thermoinactivated (56° C, 30 minutes) fetal calf 
serum (FCS, Gibco), the cells were collected and 
washed once. The washed ceDs were then cultured 
for 24 hours In a serum-free medium and the 
resultant culture supernatant was yielded. 

Ammonium sulfate was added at a rate of 300 g/£ 
to 2 £ of the culture supernatant The resultant 
mixture was thereafter adjusted to pH 7.0 and then 
allowed to stand overnight at 4°C. 

The resultant precipitate was collected by cen- 
trifugation, dissolved in a 0.01 M phosphate buffer 
(pH 6.0) and then dialyzed against the same buffer 
so as to desalt the same. The dialyzed solution was 
then charged Into a column of 5 m/ of hydroxya- 
patlte which had been equilibrated with a 0.01 M 
phosphate buffer (pH 6.0). 

The column effluent was collected and its plasmf- 
nogen-dependent fibrinolytic activity was measured. 
No activity was however detected. 

Proteins adsorbed were eluted using a 0.03 M 
phosphate buffer (pH 6.0). 

The plasminogen-dependent fibrinolytic activity of 
the eluate was measured. It was found to be 2% of 
the activity charged into the column. 

This eluted fraction was subjected to electro- 
phoresis in an SDS polyacrylamide geJ and was then 
analyzed by a zymography. As a plasminogen 
activator, bands were observed in a range of about 
30.000 daltons - about 45,000 daltons. 

The column was then washed with a 0.05 M 
phosphate buffer (pH 7.5). The piasminogen-de- 
pendent fibrinolytic activity of the eluate was 
measured. It was found to be 3% of the activity 
charged into the column. This eluted fraction was 
subjected to electrophoresis in an SDS polyacryla- 
mide gel and was then analyzed by a zymography. As 
a plasminogen activator, bands were observed in a 
range of from about 45,000 daltons up to about 
70,000 daltons. 

Subsequently, the column of the hydroxyapatite 
was treated with a 0J2 M phosphate buffer (pH 7.0). 

The plasminogen-dependent fibrinolytic activity of 
the eluate was measured. It was found to be 85Qfe of 
the activity applied to the column. 

This eluted fraction was subjected to electro- 
phoresis in an SDS polyacrylamide gel and was then 
analyzed by a zymography. As a plasminogen 
activator, a band was observed at a molecular weight 
of about 70.000. 

Remaining adsorbed proteins were eluted with a 
0.4 M phosphate buffer (pH 7.5). 

The plasminogen-dependent fibrinolytic activity of 
the eluate was measured. It was found to be 5P/0 of 
the activity applied to the column. 

This eluted fraction was subjected to electro- 
phoresis in an SDS polyacrylamide gel and was then 
analyzed by a zymography. As plasminogen activa- 
tors, bands were observed at molecular weights of 
about 70.000 and 100.000 and higher respectively. 



Example 2: 

After stabilizing with 0.02% of Tween 80" (Junsei 
Chemicals) 2 £ of a culture supernatant prepared 
from a culture of human fetal foreskin cells, whose 

5 culture medium contained KWfo of thermoinactivated 
(56° C, 30 minutes) fetal calf serum and 20 KlU/mf of 
aprotinfn (Bayer), it was charged into a column of 
anti-human urokinase. 
The column effluent was collected and its pJasmi- 

W nogen-dependent fibrinolytic activity was measured. 
About 60% of the activity charged into the column 
was observed. 

This effluent fraction was analyzed by a zymo- 
graphy after subjecting same to electrophoresis in 

15 an SDS polyacrylamide gel. Various bands were 
observed as plasminogen activators in a molecular 
weight range of from about 30,000 dalton to about 
150,000 daltons. 
These bands were found to correspond to tPA 

20 because they were not affected when treated with an 
anti-human urokinase but disappeared when treated 
with an anti-human tPA antibody. 

Ammonium sulfate was added at a rate of 300 g// 
to this effluent fraction. The resulting solution was 

25 adjusted to pH 7.0 and then allowed to stand 
overnight at 4°C. 

The thus-formed precipitate was collected by 
centrifugation, followed by dialysis against a 0.03 M 
phosphate buffer (pH 6.8). 

30 The dialyzed solution was thereafter charged into 
a column of 5 mf of hydroxyapatite which had been 
equilibrated with a 0.03 M phosphate buffer (pH 6.8). 
The column effluent was collected and Its plasmi- 
nogen-dependent fibrinolytic activity was measured. 

35 It was found to be about 2<Vb of the activity charged 
into the column. This effluent fraction was subjected 
to electrophoresis in an SDS polyacrylamide gel and 
was then analyzed by a zymography. Bands were 
observed as tPA in a range of about 30.000 

40 daltons - about 45,000 daltons. 

The column was then washed with a 0.05 M 
phosphate buffer (pH 7.8). The plasminogen-de- 
pendent fibrinolytic activity of the eluate was 
measured. It was found to be 5% of the activity 

45 charged into the column. tPA species having 
molecular weights In a range of about 45,000 
daltons -about 70,000 daltons were observed on a 
zymograph. 

Proteins thus adsorbed were then eluted with a 
50 025 M phosphate buffer (pH 6.0). The plasminogen- 
dependent fibrinolytic activity of the eluate was 
found to be about 80% of the activity charged into 
the column. Its molecular weight was found to be 
about 70,000 daltons on a zymograph. 
55 The remaining adsorbed proteins were eluted with 
a 0.3 M Na2HP04-NaOK buffer (pH 10.0). 

The plasminogen-dependent fibrinolytic activity of 
the eluate was measured. It was found to be about 
Wo of the activity charged into the column. As its 
go molecular weights, bands corresponding to about 
70,000 daltons and about 100,000 daltons and higher 
were observed on a zymograph. 
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Example 3: 

After stabilizing with 0.02% of Tween 80*. 2 £ of a 
culture supernatant prepared from a culture of 
Chinese hamster ovary (CHO) cells with human tPA 
gene integrated therein (CHO Kl ATCC CCL 61) 
whose culture medium contained 10% of thermoi- 
nactivated (56° C, 30 minutes) fetal calf serum and 40 
KlU/mf of aprotinin, it was adjusted to pH 5.0 with 
phosphoric acid. 

The resultant solution was charged into a column 
of 50 mi of carboxymethyl (CM) Sepharose (Phar- 
macia AB) which had been equilibrated with a 0.05 M 
sodium dihydrogenphosphate buffer (pH 5.0) con- 
taining 0.15 M of sodium chloride and Tween 80" 
(0.02%). 

The resin containing proteins adsorbed thereon 
was washed with a 0.05 M phosphate buffer (pH 6.4), 
followed by edition of tPA with a 0.05 M phosphate 
buffer (pH 6.4) which contained 0.5 M of sodium 
chloride. The ptasminogen-dependent fibrinolytic 
activity of the eluate was measured. About 85% of 
the activity charged into the column was found to be 
recovered. 

This eluted fraction was analyzed by a zymography 
after subjecting same to electrophoresis in an SDS 
poryacrytemide gel. Various bands were recognized 
as tPA In a molecular weight range of about 30.000 
daitons - about 150,000 daltons. 

The eluate was diluted tenfold to water and then 
charged into a column of 5 mi of hydroxyapatite 
which had been equilibrated with a 5 mM sodium 
phosphate buffer (pH 6.4) containing 0.05 M of 
sodium chloride. The column effluent was collected 
and its piasminogen-dependent fibrinolytic activity 
was measured. It was found to be about 3% of the 
activity charged into the column. This effluent 
fraction was subjected to electrophoresis in an SDS 
acryfamide gel and was then analyzed by a zymo- 
graphy. As a plasminogen activator, bands were 
observed In a range of about 30.000 daltons - about 
45.000 daltons. 

The column was then eluted with a 5 mM 
phosphate buffer (pH 7.4) containing 0.08 M of 
sodium chloride. About 7% of the activity charged 
into the column was measured. This eluted fraction 
exhibited bands corresponding to molecular weights 
of about 45,000 - about 70.000 on a zymograph. The 
column was then treated with a 5 mM phosphate 
buffer (pH 7.8) which contained 0.3 M of sodium 
chloride. The activity of the eluate was found to 
amount to about 80% of the activity charged into the 
column. This eluate exhibited a band corresponding 
to a molecular weight of about 70,000 daltons on a 
zymograph. 

The remaining adsorbed proteins were eluted with 
a 5 mM phosphate buffer (pH 7.8) which contained 
05 M of sodium chloride. The activity of the eluate 
was about 10% of the activity charged into the 
column. This eluate exhibited bands corresponding 
to molecular weights of about 70,000 daltons and 
about 100,000 daltons and higher respectively on a 
zymograph. 



Example 4: 

Two liters of a culture supernatant prepared from 
a culture of mouse fibroblast cells (CI27, ATCC CRL 
1616) transformed by the human tPA gene (European 
5 Patent Application No. 86 30 9250.8), whose culture 
medium contained 2% of thermoinactivated (56° C, 
30 minutes) fetal calf serum and 40 KlU/mf of 
aprotinine. were stabilized with "Tween 80 (0.02%)*. 
The resulting solution was charged into a column 

10 of 50 mi of anti-human tPA antibody Sepharose 
equilibrated with a 0.I M aqueous solution of 
ammonium bicarbonate (pH 8.0) which contained 
0.I5 M of sodium chloride and Tween 80 (0.02%)\ 
After washing the thus-adsorbed proteins with a 

15 0.I M aqueous solution of ammonium bicarbonate 
(pH 8.0) which contained 2.0 M of sodium chloride 
and Tween 80 (0.02%)\ the proteins were eluted 
with a 0.1 M aqueous solution of ammonium 
bicarbonate (pH 8.0) which contained 2.0 M am- 

20 monlum thiocyanate and Tween 80 (0.02%)". 

The piasminogen-dependent fibrinolytic activity of 
the eluate was measured. It was found to be about 
90% of the activity charged into the column. 
This eluted fraction was subjected to electro- 
ns phoresis in an SDS polyacrylamide gel and then 
analyzed by a zymography. Various bands were 
recognized as tPA in a molecular weight range of 
about 30.000 daltons - about 150,000 daltons. 
This eluate was diluted twentyfoid to water and 

30 then adjusted to pH 7.5. The resulting solution was 
then charged Into a column of 5 mi of hydroxya- 
patite which had been equilibrated with a 5 mM 
aqueous solution of ammonium bicarbonate (pH 7.5) 
containing 0.1 M of ammonium thiocyanate, followed 

35 by washing of the column with the same buffer as 
that used for the above equilibration. 

The column effluent was collected. Its piasmi- 
nogen-dependent fibrinolytic activity was measured. 
It was found to be about 5% of the activity charged 

40 into the column. This effluent exhibited bands in a 
molecular weight range of about 30,000 dal- 
tons - about 70.000 daltons on a zymograph. 

The column was then treated with a 0.1 M aqueous 
solution of ammonium bicarbonate (pH 8.0) which 

45 contained 0.2 M ammonium thiocyanate. The activity 
of the eluate was about 90% of the activity charged 
into the column. This eluate exhibited a band 
corresponding to a molecular weight of about 70,000 
daitons on a zymograph. 

50 The column was washed further with a 0.1 M 
aqueous solution of ammonium bicarbonate (pH 8.0) 
which contained 0.5 M of ammonium thiocyanate. In 
the thus-obtained eluate. about 5% of the activity 
charged into the column was measured. This eluate 

55 exhibited bands corresponding to molecular weights 
of about 70,000 daltons and 100,000 daltons and 
higher respectively on a zymograph. 

Example 5: 

60 Ammonium sulfate was added at a rate of 300 gf£ 
to 2 £ of a culture supernatant prepared from a 
culture of human fetal amniotic cells (FL. ATCC 
CCL-62) carrying the human tPA gene associated 
with human cytomegalovirus (HCMV) as a promoter 

65 for human tPA expression, whose culture medium 
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contained 2Wo of thermoinactivated (56° C, 30 
minutes) fetal cajf serum and 20 K!ll/m/ of aprotinin. 
The resulting mixture was adjusted to pH 7.0 and 
then allowed to stand overnight at 4°C. 

The thus-formed precipitate was collected by 
centrifugation, followed by dialysis against a 0.04 M 
phosphate buffer (pH 8.0) containing iO mM of 
arginine so as to desalt the precipitate. 

The resulting dfalyzed solution was charged into a 
column of 5 nu? of hydroxyapatite equilibrated with a 
0.04 M phosphate buffer (pH 8.0) containing 10 mM 
of arginine. The column was washed with the same 
buffer as that employed for the equilibration. 

The column effluent was then collected and its 
plasminogen-dependent fibrinolytic activity was 
measured. It was found to be about &¥o of the 
activity charged into the cotuma This effluent 
exhibited bands in a molecular weight range of about 
30,000 daltons - about 70,000 daftons on a zymo- 
graph. 

The column was then treated with a 0.20 M 
phosphate buffer (pH 6.0) which contained 50 mM of 
arginine. The activity of the eluate was about 904*) of 
the activity charged into the column. This eluate 
exhibited a band corresponding to a molecular 
weight of about 70,000 daltons on a zymograph. 

When the column was thereafter washed with a 
0.5 M phosphate buffer (pH 7.8) containing 50 mM of 
arginine, about 5% of the activity charged Into the 
column was measured. This e luted fraction exhibited 
bands corresponding to molecular weights of about 
70.000 daltons and about 100,000 daltons and higher 
on a zymograph. 

Example 6: 

Host cells (Saccharomyces cerevisiae) trans- 
formed with the human tPA gene therein were 
allowed to grow by a known method, namely, by the 
method described in Principles and Practice of 
Recombinant DNA Research with Yeast in The 
Molecular Biology of Yeast Saccharomyces: Meta- 
bolism and Gene Expression, pp 603-636, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y. 
(1982). The resultant cells were ground with glass 
beads. tPA was extracted with a 0.04 M phosphate 
buffer (pH 7.0) which contained 50 mM of lysine, 1.0 
M sodium chloride and 0.02% of Tween 80". The 
resulting liquid mixture was filtered to collect a 
filtrate. 

The filtrate was diluted tenfold in a 0.01 M 
phosphate buffer (pH 75) and was then charged Into 
a column of 5 mi of hydroxyapatfte equilibrated with 
a 0.01 M phosphate buffer (pH 7.0) which contained 5 
mM of lysine and 0J M of sodium chloride. The 
column was washed with the same buffer as that 
employed for the equilibration. 

The column effluent was collected and its plasmf- 
ncgen-dependent fibrinolytic activity was measured, 
'.bout 15% of the activity charged into the column 
was found. This effluent exhibited bands in a 
molecular weight range of about 30,000 daJ- 
ions - about 70,000 daltons on a zymograph. 

>»* thus-adsorbed proteins were eluted with a 
C.:0 M phosphate buffer (pH 6.5) which contained 5 
ft, M of lysine. The activity of the eluate was about 



80% of the activity charged into the column. This 
eluate exhibited a band corresponding to a molecu- 
lar weight of about 70,000 daltons on a zymograph. 

The column was washed with a 0.5 M phosphate 
5 buffer (pH 7.8) containing 5 mM of lysine. The 
thus-obtained eluate contained about 5% of the 
activity charged Into the column. This eluate ex- 
hibited bands corresponding to molecular weights 
of about 70,000 daltons and about 100,000 daltons 
10 and higher respectively on a zymograph. 

As hydroxyapatite, HCA-IQOS (Mitsui Toatsu 
Chemicals, Inc.), in Examples I & 2; HA-uftrogel 
(LKB), in Examples 3 & 4; and Bio gel-HT (Bio Rad). 
in Examples 5 & 6 were used. 
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Claims 

20 1. A method of purifying tissue plasminogen 

activator (tPA) comprising the steps of bringing 
a crude tPA preparation containing tPA species 
of different molecular weights into contact with 
hydroxyapatite to adsorb these tPA species 

25 and isolating these tPA species from one 

another by treating the hydroxyapatite with 
eluents having different pHs and/or salt con- 
centrations to separately elute these tPA 
species. 

30 2. A method according to claim 1, wherein 

one or more of the eluents contain at least one 
substance selected from basic amino acids and 
their analogous substances. 

3. A method according to claim 1, wherein 
35 one or more of the eluents contain at least one 

of lysine and arginine. 

4. Tissue plasminogen activator (tPA) when 
purified by a method according to any one of 
the preceding claims. 

40 5. tPA according to claim 4 for use as a 

medicament e.g. in the treatment of throm- 
bosis. 

6. Use of tPA according to claim 4 for the 
manufacture of a medicament, for use in the 
45 treatment of thrombosis. 
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